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57 ABSTRACT 
A plotter system is provided having an adaptive veloc 
ity means for improving plotted line quality by selec 
tively varying the velocity of the plot head to produce 
smooth, substantially continuous motions of the plot 
head between data points, in accordance with changes 
in the data input rate or changes in the distance between 
data points. This reduces the time that the plot head 
remains stationary during plotting, thereby reducing 
excess deposits such as ink pools that may be applied to 
a portion of a surface when the plot head becomes sta 
tionary waiting for data. The system includes a motor 
unit, a plot head with a pen, and an adaptive velocity 
means comprising a random access memory (RAM) 
unit for storing data values to be plotted, a processor 
unit, and a read only memory (ROM) unit having a 
stored routine. The plot head is driven by the motor 
unit under control of the processor operating in accor 
dance with the stored routine and control and data 
values stored in the RAM. 

10 Claims, 6 Drawing Figures 
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1. 

PLOTTER WITH ADAPTIVEVELOCITY MEANS 
FOR IMPROVING PLOTTEDLINE QUALITY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is related to patent application enti 
tled 'OPEN-LOOP ELECTRIC DRIVE WITH 
CORRECTIVE CONTROLLER,” Ser. No. 756,679, 
filed Jan. 4, 1977 by Marvin LeRoy Patterson, Robert 
Dale Haselby and Albert Prall Kendig. 
BACKGROUND AND SUMMARY OF THE 

INVENTION 

Many plotter systems include buffers to temporarily 
store input data before plotting the data. Many other 
systems, without buffers, generally plot the data as it is 
received. In both types of systems, the plot head and 
pen are generally made to move directly from data 
point to data point in somewhat jerky, discrete steps 
when plotting the data. After a data point is plotted, the 
plot head remains stationary waiting for a subsequent 
data point. During this stationary period, a dispropor 
tionate amount of ink from the pen usually accumulates 
on the writing surface under the pen, compared to the 
amount that accumulates on portions of the surface 
when the pen is in motion. This disproportionate accu 
mulation of ink causes the trace or line segment being 
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plotted to become nonuniform in appearance. Even in 
plotter systems that provide for a uniform trace when 
the pen is in motion (i.e., systems that modulate or vary 
the pressure of ink to the pen as a function of head 
velocity), appreciable amounts of stationary periods still 
produce nonuniformity in the trace at the beginning-and 
end-points of line segments. What is needed, therefore, 
is a plotter system that also provides for uniformity of 
trace at the beginning-and end-points of line segments. 

Accordingly, as an illustrated preferred embodiment 
of the present invention, a plotter system is provided 

30 

35 

having an adaptive velocity means, motor unit and plot 40 
head for improving plotted line quality and providing 
uniformity of trace by substantially reducing the length 
of each period that the plot head remains stationary 
waiting for data. The adaptive velocity means includes 
a RAM, a ROM with a stored routine, and a processor 
unit for adapting the head velocity to (i.e., for varying 
the head velocity with) the input data rate and to the 
distance between data values, to produce substantially 
smooth (nonjerky), continuous head motion. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a plotter system includ 
ing an adaptive velocity means in accordance with the 
preferred embodiment of the present invention. 
FIGS. 2A and 2B are perspective views of drive 

mechanisms of the system of FIG. 1. 
FIG. 3 is a diagrammatic illustration of memory units 

of the system of FIG. 1. 
FIG. 4 is a graphic illustration of velocity values 

stored in one of the memory units of FIG. 3. . . 
FIG. 5 is a logic flow diagram of a routine stored in 

one of the memory units of FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shows a plotter system having an adaptive 
velocity unit 11, a motor unit 13 and a plot head 15. The 

45 

50 

2 
adaptive velocity unit 11 includes a read-write or ran 
dom access memory unit (RAM) 17, processor unit 19, 
and a read only memeory unit (ROM) 21. Data values 
to be plotted are received and stored into RAM17. The 
processor 19 operates under control of the routine 
stored in ROM 21 and in accordance with control 
words stored in RAM 17 to provide a velocity signal 
(incremental move signal) to motor unit 13. The veloc 
ity signal represents the velocity (incremental move per 
unit time) at which the head 15 is to be moved when the 
input data values stored in RAM 17 are plotted. The 
velocity signal causes a motor 27 (FIG. 2A) of motor 
unit 13 to advance or rotate a selected amount which, in 
turn, causes plot head 15 to be moved a selected linear 
distance within a selected unit of time. FIG. 2A shows 
a drive mechanism 25 connecting motor 27 of motor 
unit 13 with plot head 15. FIG. 2B shows motor unit 13 
having motors 14 and 16 connected to plot head 15 for 
moving the head in the X-and Y-coordinate directions, 
respectively. FIG. 3 shows selected control words in 
RAM 17, a control routine (shown in greater detail in 
FIG. 5 and in Table 1) and a table of nine velocity 
values in ROM 21, the nine velocity values chosen, as 
shown in FIG. 4, to exponentially represent a wide 
range of velocities of the head 15. Each of the nine 
velocity values represents a selected distance that plot 
head 15 is to be moved during a selected period of time. 
A control word “POINTER” in RAM 17 (FIG. 3) is 
used to point to or address selected ones of the nine 
velocity values stored in ROM 21. Initially, the control 
word POINTER is set to point to the third largest of 
the nine velocity values in ROM 21. 
As shown in FIG. 1, a user of the plotter system may 

specify an upper velocity limit for the head 15 by enter 
ing a VS (velocity select) signal into the system. This 
upper velocity limit represents the maximum velocity at 
which the head 15 may be moved. Also, by means of a 
VA (velocity automatic) signal, the user may specify 
that velocity is to be automatic, i.e., that the selection of 
a velocity at which the head 15 is to be moved is to be 
performed automatically by the system. However, the 
automatically selected velocity does not exceed the 
maximum velocity set by the VS signal. For example, in 
response to an applied VA signal, the system automati 
cally adapts the head velocity to changes in the input 
data rate or to changes in the distance between succes 
sive input data points, or to changes in both the input 
data rate and distance between successive input data 
points. Whether a VA signal has been applied to the 
system is indicated by the contents of the word 
MAJSW in RAM 17. When the contents of MAJSW is 
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zero ("VA off”), this indicates that no VA signal has 
been applied to the system; when the contents of 
MAJSW is not equal to zero (“VA on”), this indicates 
that a VA signal has been applied to the system. This 
adaptive or automatic selection of head velocity men 
tioned above is performed by processor 19 operating in 
accordance with the control words stored in RAM 17 
and under control of the routine stored in ROM 21. 
One of these control words is SSTAT. SSTAT is a 

word in RAM 17 which is preset to a non-zero value 
when the plotter is busy plotting a data point, and to a 
zero value when the plotter is not busy. 
A list of the instructions of which the routine stored 

in ROM 21 is comprised is presented in Table 1 follow 
ing. A logic flow diagram describing the operations of 
this routine is presented in FIG. 5 and described below. 
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Table l 
Se- ROM Object Program 
quence Ad- Code Label. Instruc'n. Remarks 
No. dress (Octal) 

(Octal) 

g2S NSR TO TURN AG PACER ON VA 
g2 5 4.462 WA EGU v. --- 

- is 27-gas gasy-gst EGREY - - - - - 
19 2 3 4.463 67.266 JMP SET VC 

g33. INSTR-T druRN AUTO PACER OFF" VN ... u - we war-aw-rr a * 

93 4464 WN EGU 
S32 44.64. 242.437 . JSM EOR EX - w - 
g5S 4455 2 225 LGAO 
93 44266 (3562 SET V C STA MAJS 
1935 4407 a 54376 JMP IDLDF 
1937. INSTR TO SET PEN veLOCITY vs, S (P) 

, , * - . . -- ... -----was-----awar-rr 

1943 447 a , 445 D A ECRF 
S 4427 272.24 RZA FASTS 
g42 4472 * . . . -- PAssN . 

is as 2.67s a2 S M NEST GET VELOCITY 
1944 44274 74 40 * * * CB 
945 a 275 75.27 sap GOERS" TERROR IF a -aaraaru 
g 45 44276 24 255 AOS 44 
1947 44.277 7.842 SBM GGERS ERROR If >36 

- Iggs as a SE - STA is - - - - convert 
1939 .44 748 S3L To 
1952 at 42 724 a 2 AAR 1. INTERPOAOR 

- g5 ages -gga -- as a -- - - INTEGER 
1952. A 4 - 4 57 25 JMP 4-2 S K P AROUND 
1955 44, 5 & 242 22 FASTS L. D. C. 32 FAST DEFAULT 
g5 44 v6 445 " ' " " LA EORFG PEN SPECIFI EC2 

5 4 & 7 72 diaS SZA PEN's SKIP IF Yes 
9 c. 441 35552 STB PS NO is 
57 a I 3555 It" "Se PS2 w - - v ELOCITY""" - - 

53 44 2 G 5352 STB PS3 APPLIES 
S 44, 3 c 35553 ST3 PS4 TO ALL 4 

195; 44.4 a 5437. T J MP IDOF PENS " " " ' " 

9 S2 445 2.35562 PEN A STE PSTMP SAVE VEL 
is as Ta 5 g; 472 T" LOBO GO GET - - - - - 
19 44, 17 242 45 JSM ONEGT PEN PARAMETER 
le SS 4412, 17442 CS 

5 442 75 ST" SSP GOERS ERROR IF 
J 4. A 22 224 254. ADB O 4 

g5 is a 423 76.22 S&P 2 ERROR F & 4 - - - - 
G 53 A4124 544.45 GOER3 JMP ERR 5 

197. A 4, 25 22)325 ADA PSTA) APPY VE 
57 226 a 5552T LOB PST MP TO SEECTSD T 

? 2 as a 2 1 S 4 x 3. STB A PEN 
1973 4.433 35437. GODL. JMP IDLE 

T222 
2.23 CAIN G SEGUENCE JSM MWPEN 
224a FOR PEN ONY : 

-22si ------------ wop ct as DN) -- is (O2) 
22 tie 

. 227 44,324 MVPEN EG 
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Se- ROM Object Program 
quence Ad- Code Label Instruc'n. Remarks 
No. dress (Octal) 

(Octal) 

reas aa324-34 as is JSMWT 4.sv 
229 s - i 
2132, 44.325 a.31556. STA WKPTM - 

-23; 44.325 231512 ST A LARGE --a 
232 44327 23 153 ST A LARGE: 
21 S3 4.433 DB B TEST FOR SOC 

STB DEGUE 
JMP, OOPEN 

: ... : 

WORDx (x Move IN PLOTTER UNTSs 
(Y MOVE IN POTTER UNITss 
c 2 (DN) . . . . c.12 (UP) : 
c 22:é (ABS) ... : ex (RE) v.3. 

244 4.4333 . UPSET EU 
245 4433, 543 D A SSA BUSY? 

...'. See SZA rail skIP F Nor- is - 
LOA Ol 
STAs WAIT, ... OTHERWISE. . . . . 

215, 2232 as 155 STA KPTM It 
2151, 4434; 231512 

GE - 

WHICHMODE 2 ":53 
soluTE - - 

YES . . . 
CONVERT 

a 254 a 6- . 
744. . . 

3,522. , , RELATIve. 
435t 20g * . . . 

2 Is I- aass 7 
2, 32 443 53 03 525 STA V El DX ABS (DX) 
253 
264 a 4,354 3 27 "DA" WOROY Er-y ----------- 
2 is 5. A 4355 55 CMCD WHICH MODE w 
215. 44356 (376 a 24 . RZS SET Y ABSOLUTE? 

-2 57 - 4.4357-597 - Los Y PREs -- YES - - ---------- 
2 to 3 A4363 17442 C CON V a RT 
269 °4436. 222 ADA B TO 
27G 44352 as 52s. SETY STA"REY RELArrwg - - - - - 
217. 443 53 72222. . SAP p2 a 
2172 44,364 7 24 CA . 

gigs, rises 31527 statvet- oys ABs (DY)" 27 
21 75. 44366 - 5325 08 VE 
275 44.357 - 17:24 "-" - TCA " . " " - " " " we win-maraswaaaar mu-o-m- 
2 77 4437, 22 da A A B ABS (x) as ABS (Y) 
275"T4437 2355 "T"STA "BIGSw POS X ARGE : NEG Y ARGE 
21 79 d4 372 722 SAP 42 
2 3 44373 Qg5527 OB VE 
2 is "a 437 a 23553 "STB LARGE + 1 --- 
2 32 
283 44375 35576 STB DWR 
2134 44375 as 527 "LDB"LiveL " " " : - a----- 
2 a5 - 4.4377, a 5525 CPB VE 
2 13s 444 a a ge.74i JMP ONE 
-gay-a at 722 - sap 2 - -------r- - - - - - - - - - - - 
288 44 42 gaS 525 LDB VE SMALLER INTO B 
289 44423 a 22-226 DA OG 

  
  

  

  

  

    

  

  

  

  

  

  

  

  

  

  

    

    

    

  



7 
Se- ROM Object 
quence Ad- Code 
No. dress (Octal) 

(Octal) 

45 4 3532. 29. 

... Label Instruc'n 

4,062,648 
Program 

Remarks : 

ONE - ZERO SOFE - "T" 
JSM O(V F. N. R.A. c. 1 

2.92 s.444 as it 243 e. g. AAR . . . . . . . . . . . 
-29s agauz saaz - AND G75 - - - 
219A 444, 2 674 2 JMP +2 . . . . . . 
2.95 444 a 24 ONE DA N. SOPE POSITIVE 
2.95 4442 (3.54 STASLOPE - UNLESS DX a DY 
219 se SET, SPEED FOR THIs Move 
-agg - - - - O -- - - ----- 
222 44 4 S 22 74. D A STABV STABLE SPEED 
22d, 4444, 25564 LDB PICK. IN A STAL 
2242 - 4a as 7s was Rzs 3 skip-rf YES - - - - 
22a3 .444 is aa 1035 is LOA CV MAX FIND J R SPEED 
2204:44.47 aa3563 : LOB. FINUR FINDING uR2 - 
22.25 44422 76935 RZB. HAL As SKIPF YES " : " " " - 
2205 44 421 22422 DB B TEST FOR SDC 
2227 44 422 23551.6 STB DEQUE ------ - 
22 (8: BM HA. As "" YES 
22a9 44424 a 15 
22 , 44.425 (23427 

222 44 427 22Q3 25 
22 S 444S2 292 
2.24 4443 3547's 
225 ...". 44432 aa 56 

... RLA HAL AS 
22 44 42s, 2554 - LDA CURPN - set - 

PEN . 

UP v H AU IT 
A WOPCT 

ADA PST AD CURRENT . 
U0 A A I PEN - - - - 

. EE-car - 
... LD A MAJSW MOVE. : No Use's PEED LIMIT 225 44.433 372.47:... SZA, CLAMP . 

221 aaaya (3555 - - LDS starr-root so -- " - " - 
22 3 44 435 752 (22 RZB 2 . . YES up 
221 S 4 4436 a 424 D 3 N. SLOW DOWN 
222; 4 4437 3 2 5 4 17" ACs Asts ELSE - - - 
222 4444.3 g 417 CPS SOWL SPEED UP 
2222 4 3 44 257. A 45 JMP d 4 CHECK . . . . 
22 25 " 4 i4á2 : 42.3T CP3 FAST SPEED 
222 (; 4 44 4 3 (S7445 JMP 2 MTS 
2225 d 4 444 (354 17 STB LASTS KEEP FOR NEXT TIME 
2225" "44445 a 47 " " LDA ASTs, I "GET AUTOPACE SPEED". " 
2227 44 446 2.3d 22 STA 8 . . CLIP 
222 4444.7 744 CB . . SPEED. LIMIT 
"222g Ti 457,255 47 ADB SPEED". AUTO PACE SPEED TTT 
225. 44 451 1,634 SSP A OO FAST? 
223 44 452 22 547 CLAMP A SPEaD YES - USE SPEED IM 
22.32 Ta 4453. 367455". T J MP 2 : . ; : NO - AUTO PACE 
22 S S 4 43 53 230222 HAL As LD A C32 TOP SPEED IF PEN UP 
2234 44455 23a57 ST A LIMIT set speed FOR THIS MOVE 
22 JSw : . . . " 

22.35 44 456 0255 2. DOPEN OB w? CT DES RED PEN 
2257T 444573.21.55 : " " "LD A DEQUE" "SE DEV"CLEAR 2 uru - - - 
2 3 44 4.e. 4 72).2 SAP 42 SKIP IF NO 

229. A 4 45 at 4.72 LC8 Ol. ELSE FORCE PEN UP 
224 a 4452,363 - “Dowd " - 
2241 4 4463 376) a 6 
2242 44464. 24286s. 

GET "PEN CURRENTT" 
RZs uPPEN. SKIP IF PEN TO BE UP 

- . . JSM IXOR CHANGE PEN 2 . . . . . - 
22 as 4A 465 2.25 425 - LDB UP2On-Lons-Ely 
224 4 44466 0737. SLA STDA is KIP IF. YES 
2.245. 44467 a 25 a.27 LOB DN2DN NO in USE SHORT DELAY 
22$64,247.5 45s --------- Mr STDL. 
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Se- ROM Object Program 
quence Ad- Code. Label Instruc"n. Remarks 
No. dress (Octal) 

(Octal) . 

2252 4 4473 732 SA 2 SKP IF YES 
225 4 4474 234 226 D3 C2 NO DELAY 
2252. 5. 2355.24 STDLA StatDELAY SET DE 2253. 
2254. 34.4476 f : RLA. THRU NEEDT 
2255 a 4.477 355 2 . LO WOPCT YES 
2255 4 452 a 7742.2 R8 - 2 ASSEMBLE 
2257 4452 222 172 
2258 4432 (42.532. 
225gs ii. 8... ::::::::::: . . . . . . 
225 a. 445 as a a 2226:TRU LDA. Oa. . . . . INITIALIZE. . . . 

- gas zasa Isis - STA st-A Fas--- 2262 445 as a 2.72 
2263 4.458 a 31543 

422s. 2265. 445 - - - - - - - - -. . . . . . 

225s, 445t. 23556 3. trife... . . . . . 
227-4A512 1724a -sa 2-skip F-yes 
2258 44513 72 all RET ELSE RETURN TO CALLER OF MOVE 
2259 8 . 

227 4455 a.d4373 JMP OLE Force ENTRY TO PARSER 
5862 TABLE OFA 
58.640 07 222 17 SLOWLDEF 
5865. 20172 on 2 was O DEC " ' " 
5866 073 a 222 (2 DEC 2 
5867 201742 220 as O3 DEC 3 
5868 a 2.753222 2505 TDEC's -- 
5869 22 176 a dai 2 O2 DEC 2. 
5872 as 1772 aa 22 O2, DEC 17 
587 22222222235T DEC 29 
5872 ( 22, 1 32 a 263 DEC 51 
5873 a 22.42 aa 132 O32TDEC ga - - - ----- 
5874 223 aga223 FAST DEF "T"T 
5877 CONSTANTS : N oDCT O OCT M DEC P DEC 

The above routine is entered and executed whenever block 39, after which control is transferred to block 41. 
there is data to be plotted, i.e., whenever data is entered (As shown in FIG. 3, a head velocity value selected 
into RAM 17. During execution of the routine, the 50 from ROM 21 may range from a minimum value of one 
operation represented by block 31 is first performed. At to a maximum value of 90.) If a maximum velocity has 
block 31, a test is made to determine whether the plotter been specified for plot head 15 by means of an applied 
is busy plotting a previous data value. This determina- VS signal, control is transferred from block 35 to block 
tion is achieved by testing the contents of RAM word 37. At block 37, the specified maximum velocity is 
SSTAT. If the contents of SSTAT is found to be non- 55 stored for later use in the SPEED control word of 
zero, an SWAIT flag is set (i.e., word SWAIT of RAM RAM 17, after which control is transferred to block 41. 
17 is set to one) as shown by block 33, and control is At block 41, a test is made to determine if the automatic 
returned to block 31. However, if the contents of or adaptive velocity mode of operation has been speci 
SSTAT is found to be zero indicating that the plotter is fied. (A user may specify adaptive velocity mode by 
not busy but ready to plot another data value, control is 60 entering or applying a VA signal to the system as indi 
transferred to block 35. At block 35, a test is made to cated in FIG. 1.) If adaptive velocity mode has not been 
determine if a limiting, or maximum velocity has been specified, i.e., no VA signal has been applied to proces 
specified for plot head 15 by means of an applied VS sor 21, control is transferred to block 55. If a VA signal 
signal as indicated in FIG. 1. If no maximum velocity has been applied to processor 21 indicating that adap 
has been specified (i.e., no VS signal applied to proces- tive velocity operations are to be performed, control is 
sor 19), the velocity value of ninety is selected as the transferred to block 43 where a test is made to deter 
maximum head velocity from the table of control words mine the status (set or not set) of the SWAIT flag. 
in ROM 21. This value of ninety is then stored, for later If the SWAIT flag is set (i.e., the contents of the 
use, in control word "SPEED' of RAM17 as shown by SWAIT word in RAM 17 is nonzero), control is trans 
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ferred to block 45. An SWAIT flag that is set indicates 
that a new data value to be plotted has been received by 
RAM 17 while plot head 15 was still busy plotting a 
current data value, the current data value being the data 
value that is received immediately before the new data 5 
value. At block 45, the contents of control word 
POINTER in RAM 17 is incremented so as to point to 
the next faster speed (head velocity) in ROM 21. For 
example, if before the operation at block 45 was per 
formed, the word POINTER was pointing to head 
velocity 29 in ROM 21, the performance of the opera 
tion represented by block 45 would cause the contents 
of the word POINTER to be incremented by one so as 
to now point to or address the head velocity value of 51 
in ROM 21. After performance of the operation at block 15 
45, control is transferred to block 49. 

If the SWAIT flag at block 43 is found to be not set 
(i.e., the contents of the SWAIT word in RAM 17 is 
found to be nonzero), control is transferred to block 47. 
At block 47, the contents of control word POINTER in 20 
RAM 17 is decremented so as to point to the next 
slower head velocity in ROM 21. For example, if before 
the operation at block 47 was performed, the word 
POINTER was pointing to head velocity 29 in ROM 
21, the performance of the operation represented by 25 
block 47 would cause the contents of the word 
POINTER to be decremented by one so as to now point 
to the head velocity value of 17 in ROM 21. After per 
formance of the operation at block 47, control is trans 
ferred to block 49. 

Thus, from the operations performed at blocks 45 and 
47, the POINTER control word is made to point to a 
slower or faster head velocity depending on whether 
plotting is occurring faster or slower, respectively, than 
the input data rate. In other words, if a new input data 35 
value is received while plot head 15 is busy (i.e., before 
plot head 15 has completed its move in plotting a cur 
rent input data value that was received immediately 
before the new input data value), the plotting operation 
is interpreted as lagging the input data rate and the 40 
POINTER control word is incremented to point to the 
next faster head velocity. If plot head 15 completes its 
previous move and becomes not busy before a next or 
new data value is received, the plotting operation is 
interpreted as exceeding the input data rate and the 45 
POINTER control word is decremented to point to the 
next slower head velocity. 
Receipt of a new input data value before or after 

completion of plotting of a current input data value by 
plot head 15 may be caused by either or both of two 50 
factors, namely, a change in the input data rate, and a 
change in the distance or difference between two suc 
cessive input data values. Thus, a previously selected 
velocity for the plot head 15 would be increased to 
compensate for (adapt to) either (1) an increase in input 55 
data rate that causes a new data value to be received 
before completion of plotting of a previous (current) 
input data value, or (2) an increase in distance between 
input data values that, likewise, causes a new input data 
value to be received before the distance is completely 60 
traversed by plot head 15. From the foregoing, there 
fore, it can be seen that by selecting or pointing to dif. 
ferent head velocities in ROM 21 in accordance with a 
new input data value received before or after comple 
tion of plotting of a current input data value by plot 65 
head 15, the velocity of plot head 15 is made adaptive to 
changes in either or both of the input data rate and the 
difference between successive input data values. 

10 

30 

12 
Returning now to FIG. 5, block 49 represents an 

accessing operation. At block 49, a head velocity value 
is accessed from the nine head velocity values stored in 
ROM 21. This accessing or selection operation is per 
formed using the contents of the POINTER control 
word as a pointer or address. Following the operation at 
block 49, the operation at block 51 is performed. At 
block 51, a test is made to determine if the accessed 
velocity value from ROM 21 is greater than the maxi 
mum velocity value stored in the SPEED control word 
of RAM 17. If the accessed velocity value is not greater 
than this maximum velocity value, control is transferred 
to block 53. At block 53, the accessed velocity value is 
stored in RAM word "LIMIT' for use as the control 
ling velocity at which the plot head 15 is to be moved 
during its traverse to the next data position represented 
by a newly received data value. If, at block 51, the 
velocity value accessed from ROM 21 is found to be 
greater than the maximum velocity value stored in con 
trol word SPEED, the operation at block 55 is per 
formed next. AT block 55, the maximum velocity value 
is stored in RAM word "LIMIT' for use as the control 
ling velocity of plot head 15 during its next move. The 
controlling velocity value stored in RAM word 
"LIMIT' is then applied, via motor unit 13, to plot head 
15 as a series of digital pulses representing a velocity 
signal, as shown in FIG. 1. The velocity signal is ap 
plied to plot head 15 each millisecond period of the 1 
KHz clock signal applied to processor 19 shown in 
FIG. 1. This controlling velocity value stored in 
"LIMIT,” therefore, represents a selected distance that 
plot head 15 is to be moved each millisecond of the 
clock signal. 

Following the operation at block 53 or block 55, 
control is transferred to block 57. At block 57, the 
SWAIT flag is cleared (i.e., the SWAIT word is reset to 
zero) and exit is made from the routine in preparation 
for selection of a next velocity value from ROM 21 and 
the output of other velocity pulses to plot head 15 in 
response to receipt of a subsequent data value. After the 
operation at block 57 is performed, exit is made from the 
routine. 
A motor unit 13 suitable for moving plot head 15 in 

response to velocity signals is shown and described in 
patent application entitled "OPEN-LOOPELECTRIC 
DRIVE WITH CORRECTIVE CONTROLLER, 
Ser. No. 756,679, filed Jan. 4, 1977 by Marvin LeRoy 
Patterson, Robert Dale Haselby and Albert Prall Ken 
dig. 
When the individual input data values that are ap 

plied to the system occur in X-Y coordinate pairs, for 
example, a current pair (X, Yo) followed by a new or 
subsequent pair (X, Y), the coordinate along which 
the distance (difference in magnitude) between the data 
values is greater is utilized in determining the head 
velocity value that is selected. Thus, for a coordinate 
pair (2,5) followed by coordinate pair (3,7), the differ 
ence between the Y coordinate values would be used in 
determining the head velocity, because the difference 
(AY) between the Y coordinate values (5 and 7) is 
greater than the difference (AX) between the X coordi 
nate values (2 and 3). 

If, as described above, AY is found to be greater than 
AX, the head velocity in the X-axis direction may be 
calculated from the head velocity selected in the Y-axis 
direction, as follows: 
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where, d, represents the head velocity (incremental 
move per millisecond) in the X-axis direction, d, repre 
sents the head velocity (incremental move per millisec 
ond) in the Y-axis direction, and m represents the slope 
of the vector connecting points (Xo, Yo) and (X, Y). 
Similarly, if the X component (AX) of a vector to be 
traversed by plot head 15 is found to longer than AY, 
dy may be calculated from d. as follows: 

d = md. 
The head velocity values d and dy may then be ap 

plied to the motor unit shown, for example, in FIG. 6 of 
the system of Patterson, et al., mentioned above, to 
provide smooth substantially continuous movement of 
the plot head in response to applied input data point 
values, thereby improving plotted line quality by reduc 
ing the time that the plot head remains stationary wait 
ing for data. 

I claim: 
1. Apparatus for producing substantially smooth and 

continuous motion of a member across a surface in 
response to successive data values applied at a selected 
data rate, said apparatus comprising: 
a member mounted for movement relative to the 

surface; 
motor means coupled to the member and responsive 

to an applied velocity signal for moving the mem 
ber at a selected velocity; and 

adaptive velocity means for causing the member to 
move at the selected velocity, substantially reduc 
ing the length of time that the member remains 
stationary waiting for input data, said adaptive 
velocity means including: 
means for storing successive data values applied at 
an input rate, 

means coupled to the storage means for applying to 
the motor means the velocity signal representing 
the selected velocity at which the member is to 
be moved, said selected velocity being variable 
with changes in at least one of the input data rate 
and the difference between successive data val 
CS 

2. The apparatus of claim 1 wherein the means for 
storing data is a random access memory unit. 

3. The apparatus of claim 2 wherein the means for 
producing a velocity signal includes a processor unit 
and a read only memory unit having a stored routine, 
the processor unit operating under control of the rou 
tine and in accordance with data stored in the random 
access memory unit to produce the velocity signal. 
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4. The apparatus of claim 3 wherein said apparatus is 

a coordinate" display system and said member is a dis 
play producing unit. 

5. The apparatus as in claim 4 wherein the coordinate 
display system is a plotter system and the display pro 
ducing unit is a plot head having a pen mounted 
thereon. 

6. The apparatus of claim 5 wherein the plotter sys 
tem is an X-Y plotter system in which the velocity of 
the plot head, in a coordinate direction, is determined 
by the processor unit from the greater of the difference 
between a first data value and a second consecutive data 
value in a first coordinate direction and the difference 
between said first and second consecutive data values in 
a second coordinate direction. 

7. A method of producing substantially smooth and 
continuous motion of a member across a surface in 
response to successive data values applied at a selected 
data rate, the method comprising the steps of: 

receiving and storing data values representing posi 
tions to which the member is to be moved; 

selecting a first velocity at which the member is to be 
moved in response to the data rate exceeding a 
previous rate of motion of the member and a sec 
ond velocity at which the member is to be moved 
in response to the data rate being less than a previ 
ous rate of motion of the member; and 

applying a signal representing the selected velocity to 
a motor means for moving the member at the se 
lected velocity. 

8. The method of claim 7 where the step of selecting 
a velocity includes the step of accessing a series of pre 
determined velocity values, each velocity value in the 
series representing a selected distance that the member 
is to be moved within a predetermined unit of time. 

9. The method of claim 8 where the step of accessing 
a series of predetermined velocity values includes the 
step of addressing a selected velocity value in the series, 
the first velocity value being addressed in response to 
receipt of a subsequent data value occurring before 
completion of movement of the member to a previous 
position, and the second velocity value being addressed 
in response to receipt of a subsequent data value occur 
ring after completion of movement of the member to a 
previous position, said previous position being repre 
sented by a data value received immediately before the 
subsequent data value. 

10. The method of claim 8 where the predetermined 
velocity values are exponential values. 


